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Explanations for the trend of increasing childhood obesity have yet to be identified. The authors examined members of the 1958 British birth cohort (age 7 years, n ¼ 8,552) and offspring (ages 4-9 years, n ¼ 1,889) born to mothers under age 30 years to establish whether risk factors for childhood obesity have changed over time . The authors applied multilevel linear and logistic models that account for within-family correlations in order to examine associations between risk factors and childhood body mass index (BMI; weight (kg)/height (m)
2 ) (age-and sex-specific standard deviation scores and overweight/obesity) in the 2 populations. The authors found that the prevalence of overweight/obesity had increased by more than 50% between generations. Parental BMI and full-time maternal employment were both positively associated with offspring BMI in childhood (e.g., an increase of 0.4-0.5 units for maternal employment); these associations had strengthened between generations. There was evidence of a widening social gap in childhood obesity: Indicators of lower socioeconomic position showed either no association or a protective effect in cohort members but were associated with increased BMI in offspring. Prevalences of parental obesity and maternal employment had increased. Socioeconomic factors had improved across generations. Parental obesity, maternal employment, and socioeconomic factors may play an increasing role in the childhood obesity epidemic. body mass index; child; cohort studies; Great Britain; obesity; overweight Abbreviations: BMI, body mass index; CI, confidence interval.
The prevalence of child obesity continues to rise in Britain and elsewhere (1) . An increase in mean triceps skinfold thickness of approximately 10% among 7-year-olds in England and Scotland was documented between 1972 and 1994, and this increase was greater after 1984 (2) . The prevalence of overweight/obesity among children aged 2-10 years increased from 22.7% to 27.7% in England between 1995 and 2004 (3) . Although some recent evidence suggests that the increase may be slowing down (4) (5) (6) , the high prevalence of child obesity is likely to result in further increases in adult obesity and its associated health consequences.
It is likely that the rapid increase in childhood obesity is mainly driven by environmental changes affecting behavior and lifestyle rather than changes in genetic predisposition, because the increase has occurred over a short period of time, within a relatively constant gene pool. However, few studies have examined changes in potential causal factors that underlie the trend. The prevalence or strength of some influences on the development of childhood obesity may have changed over time. These changes could have contributed to recent trends.
We used data from 2 generations of the 1958 British birth cohort to examine risk factors for childhood obesity in different time periods to gain insight into the possible causes leading to the secular increase. Our study built on previous research from the 1958 cohort, wherein parental obesity (7) and birth weight (8) were found to be associated with the development of obesity, while maternal smoking during pregnancy (9) and social class in childhood (10) were found to be associated with adult obesity. Other studies have suggested a protective effect of breastfeeding against obesity (11) . As yet, the question of whether risk factors for obesity in a cohort generation are evident in the next generation has not been explored. We aimed to establish whether influences on childhood obesity have changed in strength or prevalence between 1958 cohort members and their offspring and whether these changes have contributed to the trend in childhood obesity.
MATERIALS AND METHODS

Study samples
The 1958 British birth cohort included all livebirths occurring in Britain during 1 week in March 1958. Approximately 17,000 of these persons were followed up on 8 occasions, from birth to age 45 years (12, 13) . In 1991, at age 33 years, 11,407 cohort members were interviewed. A random sample of one-third of cohort members who were parents (approximately two-thirds) was selected for a study of their children (12) . Information was collected on all offspring (approximately 4,300) of this parent subsample, including height and weight measurements for offspring aged 4 years or more (14) . A questionnaire was completed by current partners of cohort members, providing details on their children, history of marriage/cohabitation, employment, and housing.
We used information collected on cohort members from birth to age 33 years; up to this age, the sample was generally representative of the original birth cohort, although persons who were most disadvantaged were slightly underrepresented (12) . For offspring, data were collected once in 1991. Among offspring with a body mass index (BMI) measurement, most (97.8%) were born to mothers under age 30 years, whereas mothers of cohort members had a wider age range (14-48 years). To increase the comparability of the 2 generations, we restricted the samples to persons born to mothers under age 30 years (8,552 cohort members studied at age 7 years; 1,889 offspring aged 4-9 years). Details on the selection of the 2 generation samples are given in Figure 1 .
Measures
For cohort members, data on prenatal factors were collected in 1958, and data on postnatal factors were collected in 1965. For offspring, all data were collected in 1991, from the cohort member or the mother.
Childhood BMI. Height and weight were measured at age 7 years (in inches and pounds) for cohort members and in 1991 (in centimeters and kilograms) for offspring aged 4 years or more. BMI was derived as weight (kg) divided by the square of height (m 2 ). For both generations, BMI was converted to age-and sex-specific standard deviation scores based on the 1990 British growth reference charts (15) . Overweight and obesity were defined using age-and sexspecific International Obesity Task Force standards (16) corresponding to BMI cutoffs at age 18 years (1) (see Appendix  Table 1 ).
Parental BMI. For cohort members, the heights and weights of both parents were reported in 1969. Mother's height was also measured in 1958. Maternal BMI was derived using measured heights (or reported heights if data were missing) and reported weights; paternal BMI was derived using reported weight and height. For offspring, the cohort member's height and weight measured in 1991 were used to derive a parental BMI measure. For offspring, BMI was available for only 1 parent, since the partner was not measured.
Prenatal factors. Birth weight (in ounces) was measured for cohort members and reported for offspring; values were converted to kilograms. Gestational age for cohort members was recorded at birth and was reported for offspring. Maternal smoking during pregnancy was coded as ''nonsmoker'' or ''smoker (!1 cigarette/day).'' Parity (number of previous viable births) was based on mother's obstetric history. Maternal age at the child's birth was recorded in 1958 for cohort members and was calculated for offspring, as the difference in the ages of the mother and the offspring in 1991.
Postnatal factors. Infant feeding was categorized as ''not breastfed'' or ''breastfed.'' Family size was defined as number of children under age 21 years living within the household. Social class, based on father's occupation at age 7 years (or at birth if data were missing) for cohort members and the occupation of the male head of the household for offspring, was categorized as I and II (professional/ managerial), IIINM (skilled nonmanual), IIIM (skilled manual), or IV and V (semiskilled/unskilled manual). Households without a male head were classified as IV and V. Household crowding was classified as <1, 1-1.5, or >1.5 persons per room. Housing tenure was categorized as ''private housing'' or ''social housing.'' Maternal employment, based on mother's employment since the children started school for cohort members and on mother's current employment for offspring, was classified as ''not in Figure 1 . Selection of samples of 1958 cohort members at age 7 years and offspring aged 4-9 years who were born to mothers under age 30 years, United Kingdom, 1965 Kingdom, -1991 paid employment,'' ''part-time employee,'' or ''full-time employee.''
Statistical analysis
To examine associations between potential risk factors and childhood BMI standard deviation score, we applied joint models to the 2 generations, where a linear regression model was applied to cohort members and a 2-level linear model was applied to offspring (offspring were ''level 1'' units and families were ''level 2'' units) (14) . Effects of each risk factor on BMI were examined, first adjusted for age and sex only and then adjusted for parental BMI (for both parents in cohort members and for 1 parent only in offspring), maternal smoking during pregnancy, birth weight, breastfeeding, and social class. For birth weight, the adjustment included gestational age. We modeled the 2 generations jointly to test whether the strength of effect of each factor had changed between generations, accounting for the correlation between cohort members and their offspring (14) . The percentage of variance explained by each factor was calculated as the change in the variance after addition of the factor to the model, divided by the total variance of the BMI standard deviation score.
Mean age at BMI measurement was 7.3 years (range, 7.1-8.0) for cohort members and 6.9 years (range, 4.0-9.9) for offspring; age of the offspring was included in all models to account for the wider range. Since risk factors/childhood BMI associations may vary with age and sex, we tested their interactions with each factor. No significant interactions were found; therefore, results are presented for both sexes combined, with adjustment for age and sex. Nonlinear relations were examined for continuous variables by testing of quadratic terms. Analyses were repeated for the binary outcome (overweight/obesity) using a single-level logistic model for cohort members and a 2-level logistic model for offspring, from which odds ratios and 95% confidence intervals for each risk factor were estimated.
Multilevel models were fitted in MLwiN (University of Bristol, Bristol, United Kingdom). All other analyses were performed using Stata (Stata Corporation, College Station, Texas).
RESULTS
BMI standard deviation score was greater, on average, for offspring than for cohort members, by 0.16 units (boys) and 0.25 units (girls), which was equivalent to increases of 0.23 and 0.46 BMI units from the median BMI for 7-year-old boys and girls, respectively; offspring also had a higher prevalence of overweight/obesity (12% vs. 8% in boys and 18% vs. 11% in girls) ( Table 1 ). The estimated associations of potential risk factors with childhood BMI and overweight/obesity are shown in Table 2 and Table 3 , respectively. For most factors, the association with BMI did not differ between generations, except for maternal BMI and employment (P < 0.05). Maternal age, breastfeeding, and gestational age were not associated with childhood BMI (Tables 2 and 3) , and there was also no association with parity after further adjustment for family size (data not shown).
Parental BMI
Higher parental BMI was associated with increased childhood BMI and risk of overweight/obesity. For both generations, a positive parent-child association weakened with increasing parental BMI (P for quadratic term 0.04). However, for maternal BMI 28, the association was stronger (P < 0.05) for offspring than for cohort members; father-child BMI associations also appeared to be stronger in offspring, but the difference was nonsignificant. Table 2 shows that children with an obese mother had a greater average BMI standard deviation score than children with a nonoverweight mother-0.36 and 0.49 units (equivalent to increases of 0.53 and 0.74 BMI units for 7-year-old boys), respectively. Table 3 shows their odds ratios for overweight/ obesity (2.29 and 3.20, respectively). (15) .
d Defined using the age-and sex-specific International Obesity Task Force standards (16) . For example, BMI cutoffs for overweight at an average age of 7.3 years (cohort members) were 17.9 for boys and 17.8 for girls; and for offspring at age 6.9 years, cutoffs were 17.7 and 17.5, respectively. Cutoffs for obesity were 20.6 and 20.5, respectively, for cohort members and 20.2 and 20.1, respectively, for offspring. Cohort members and offspring had a wider age range; thus, the age-and sex-specific cutoffs from ages 4-10 years were used here (see Appendix Table 1 ).
Prenatal factors
Birth weight was positively associated with childhood BMI, even after adjustment for gestational age. Every 1-kg increase in birth weight, on average, was associated with an increased risk of overweight/obesity (for cohort members, odds ratio ¼ 1.49, 95% confidence interval (CI): 1.23, 1.80; for offspring, odds ratio ¼ 1.60, 95% CI: 1.17, 2.20 (Table 3) ). The association was linear for girls but nonlinear for boys, with the boys who were heaviest at birth having the strongest association with BMI, albeit of borderline significance for cohort members (P ¼ 0.09). There was a comparable association between maternal smoking during pregnancy and higher childhood BMI in the 2 generations, although the association was nonsignificant in offspring, probably because of the smaller sample size. However, the risk of overweight/obesity was not elevated for children whose mothers had smoked during pregnancy. There was a significant trend of increasing childhood BMI and risk of overweight/obesity with decreasing parity and family size. Children without siblings were 2.18 (95% CI: 1.63, 2.92) (cohort members) and 2.42 (95% CI: 1.49, 3.92) (offspring) times as likely to be overweight/obese as children from families with 3 or more children (Table 3) .
Postnatal factors
Household crowding and housing tenure were associated with childhood BMI and overweight/obesity, but in opposite directions for the 2 generations (Tables 2 and 3 ). In cohort members, childhood BMI increased with decreasing crowding, and risk of overweight/obesity was elevated in the least crowded households. The reverse was seen in offspring, with risk of overweight/obesity being elevated in the most crowded households, although nonsignificantly. Similarly, living in social housing was associated with lower childhood BMI and reduced risk of overweight/obesity for cohort members but with a nonsignificantly increased risk of overweight/obesity and higher childhood BMI in offspring (Tables 2 and 3 ). Associations for social class were nonsignificant but were consistent with trends for household crowding and tenure in suggesting a reversal in the direction of association between the generations. Associations between maternal employment and greater childhood BMI were stronger in offspring than in cohort members (P < 0.05 for difference in the association h Family size was defined as number of children under age 21 years living within the household. i Social class, based on father's occupation at age 7 years (or at birth if data were missing) for cohort members and the occupation of the male head of the household for offspring, was categorized as I and II (professional/managerial), IIINM (skilled nonmanual), IIIM (skilled manual), or IV and V (semiskilled/unskilled manual). Households without a male head were classified as IV and V. between generations). Offspring whose mothers were employed full-time had a higher BMI, on average, than offspring whose mothers were not employed-by 0.29 standard deviation score, equivalent to an increase of 0.43 BMI units for 7-year-old boys and 0.51 BMI units for girls ( Table  2) . Risk of childhood overweight/obesity also increased among children of mothers in full-time employment (Table 3) .
Prevalence of risk factors
The prevalence of several risk factors associated with childhood BMI had also changed between generations ( Table 2) . Prevalences of parental BMI and obesity were greater for offspring (11.5% of mothers and 11.9% of fathers were obese) than for cohort members (7% and 5%, respectively). Maternal employment had a greater influence on childhood obesity, yet it was more prevalent in offspring (60% vs. 45%). Fewer offspring were from families with 3 or more children (35% vs. 54%), which was associated with a reduced risk of childhood obesity, while maternal smoking during pregnancy, associated with an increased risk of childhood obesity, had become less prevalent (24% vs. 32%). Socioeconomic conditions had improved: More offspring lived in less-crowded and nonsocial housing and were from a higher social class. Changes in breastfeeding prevalence, mother's parity, birth weight, and gestational age were negligible.
In total, these factors explained 5.5% (cohort members) and 11.0% (offspring) of the variance in childhood BMI. Parental BMI explained the highest proportion (maternal BMI accounted for 2.2% and 6.7%, respectively); the greater variance explained in offspring reflects both an increase in parental BMI and its stronger associations with childhood BMI. Maternal employment explained more variance in offspring than in cohort members (0.55% vs. 0.10%), while family size explained more variance for cohort members (0.51% vs. 0.24%). Socioeconomic factors (social class, housing tenure, and crowding) explained 0.31% of the variance in cohort members but 0.63% of the variance in offspring.
DISCUSSION
In this study of prepubertal children, offspring had a higher BMI and a higher risk of overweight/obesity than their parents did at a similar age. Several factors associated with childhood BMI had altered between generations, in terms of the strength of their effect and/or prevalence. Parental obesity and maternal employment were more Abbreviations: BMI, body mass index; CI, confidence interval; NS, not significant; OR, odds ratio. * P < 0.05; **P < 0.01. a Estimated from single-level (for cohort members) and 2-level (for offspring) logistic models. b Defined using age-and sex-specific International Obesity Task Force standards (16) . c Weight (kg)/height (m) 2 . d Excluding parental BMI, for cohort members, n ¼ 8,342 (maternal employment) -8,552 (maternal age); for offspring, n ¼ 1,654 (social class) -1,889 (maternal age).
e Results were adjusted for sex and age. f Results were adjusted for sex, age, parental BMI, birth weight, gestational age (for birth weight only), maternal smoking, breastfeeding, and social class.
g Analysis was conducted in 7,116 cohort members for maternal BMI and 6,921 cohort members for paternal BMI and in either 1,107 (maternal BMI) or 740 (paternal BMI) offspring.
h Family size was defined as number of children under age 21 years living within the household. i Social class, based on father's occupation at age 7 years (or at birth if data were missing) for cohort members and the occupation of the male head of the household for offspring, was categorized as I and II (professional/managerial), IIINM (skilled nonmanual), IIIM (skilled manual), or IV and V (semiskilled/unskilled manual). Households without a male head were classified as IV and V. prevalent among offspring and more strongly associated with higher childhood BMI. Socioeconomic conditions had improved, and the associations with childhood BMI had changed direction, towards a greater risk for less advantaged children. Maternal smoking during pregnancy and smaller family size were associated with increased childhood BMI in both generations, but their prevalences had decreased and increased, respectively, suggesting that their contributions to childhood obesity may have changed over time.
To our knowledge, this is the first study to have compared risk factors for childhood obesity across 2 generations; however, the generalizability of our study samples should be considered. Given that most single-parent families are headed by a mother and that male cohort members are less likely to be lone parents (12) , lone parents may have been underrepresented in our offspring sample. Because our study sample was restricted to children born to mothers under age 30 years, older mothers were also underrepresented. In England and Wales, 70% of livebirths to married women in 1981-1987 were among women under age 30 years (17) . In the 1958 cohort, 62% of children were born to mothers under age 30 years; this group resembled the full cohort with respect to characteristics in Table 2 , and in general, associations with childhood BMI were similar (data not shown). Our cutoff for maternal age at 30 years identifies the majority of children in the population and may not have unduly affected the results.
Limitations of our study include a lack of other adiposity measures and a lack of information on diet and physical activity. Despite efforts to ensure that measures were comparable across generations, some disparities remained: For example, maternal employment for offspring referred to current status, whereas for cohort members it reflected employment history since children had started school. Phipps et al. (18) found that duration of employment is a better predictor of childhood obesity. Measures of parental BMI differed: For offspring, parental weights were measured at age 33 years, but for cohort members they were reported to the nearest half-stone (7 pounds or 3.2 kg) at a mixture of ages. In addition, for offspring, BMI was measured for 1 parent only; maternal and paternal effects on offspring BMI were examined separately in subsamples, and thus we were unable to examine their joint effects. There was also a smaller sample size for offspring, possibly affecting our study's statistical power to detect associations.
Like many investigators reporting on secular trends in childhood obesity (3, (19) (20) (21) , we found that offspring had a higher BMI on average than cohort members. The prevalence of overweight/obesity rose from 8% to 12% in boys and from 11% to 18% in girls over the period of data collection . This time period preceded more recent increases in childhood overweight/obesity, as seen with the Health Survey for England prevalence estimates for children aged 2-10 years in 1995-2004: from 22.5% to 30.4% in boys and from 22.9% to 26.1% in girls (3) .
Consistent with existing evidence (7), we found that high parental BMI was the factor most strongly associated with increased childhood BMI and that the association had strengthened over time: Risk of childhood overweight/ obesity was 3.2 for offspring of obese mothers versus 2.3 for cohort members. In another national study, DuranTauleria (22) found a 1.9 times' greater risk of overweight/ obesity for children of obese mothers in 1990-1991. Evidence for an increasing trend in adult obesity is substantial (1), but how this influences trends in risks of overweight/ obesity among children has not been fully investigated. Our data suggest that, with the increased prevalence of maternal obesity and the stronger parent-child BMI associations in the recent generation, the proportion of childhood overweight/ obesity cases in the population that were attributable to maternal obesity (the population attributable risk) increased from 7.2% in cohort members to 11.9% in offspring.
Our finding of a higher BMI among children of mothers in paid employment has been previously reported in the United Kingdom (23) and elsewhere (24) . Our study suggests that associations may have changed over time. In light of the substantial growth in female employment observed in recent years and the increasing tendency for women to return to work after childbirth (25) , such increases may affect the prevalence of childhood obesity. In our study, maternal employment had increased by more than 30% across generations. At the population level, the attributable risk for maternal employment increased from 3.1% to 7.8% across generations. A plausible explanation for an association between maternal employment and childhood BMI is the health behavior of children. Some researchers have suggested that children of employed mothers are more likely to have poor dietary habits, to engage in more sedentary activity, and to be driven to school (26) . Family meals, which have generally been linked with a healthier dietary intake (27, 28) and lower odds of childhood obesity (29, 30) , have been found to be less frequent when mothers are employed (28) . The weaker association between maternal employment and childhood BMI in the earlier generation may reflect the greater uniformity of the typical diet in the 1950s and 1960s (31) and the more limited availability of fast foods and convenience foods (32) . Alternatively, our findings may be due to differences in measurement.
With regard to socioeconomic factors, our study suggests that the association has reversed between generations, with disadvantage being associated with lower childhood BMI and decreased risk of overweight/obesity among persons born in 1958 but with higher BMI and increased risk of overweight/obesity in their offspring. This finding is consistent with the literature: Studies published between 1941 and 1989 using income and education as indicators showed a consistent inverse relation between socioeconomic status and obesity in women, with a more equivocal relation in girls, as well as in both boys and men (33) , whereas studies conducted from 1990 to 2005 found a relatively consistent inverse relation between parental occupation and adiposity in childhood (34) . Evidence suggests that obesity is increasing more rapidly among children from manual classes than among children from nonmanual classes (based on occupation of the household head as in our study) (19) and that while obesity appears to be leveling off among advantaged children, it continues to increase among children from the most deprived areas (35) . Such growing social inequalities in childhood obesity are likely to augment broader social health inequalities. Regarding potential explanations, it has been suggested that financial constraints may limit the availability of healthy foods among disadvantaged groups (19) or that differences in the built environment, including access to recreational and play areas, may affect levels of physical activity (36) .
Associations of family size, parity, and maternal smoking during pregnancy with childhood BMI had not altered between the generations, but their prevalence had changed. Smaller family size and fewer younger siblings were associated with increased childhood BMI, which agrees with previous observations (37, 38) . However, the reduced proportion of children from larger families (!3 children) may have contributed to increases in childhood obesity: 6.3% of childhood overweight/obesity cases among offspring were attributable to belonging to a single-child family, as compared with 4.4% in the cohort generation. Proposed mechanisms for the association include greater availability of food per capita and mothers' devoting more attention to feeding children in small families (39) . In the late 1960s, children from small families were found to have a higher intake of all nutrients per 1,000 kcal, except for carbohydrates and added sugar (40) , which suggests that larger families rely on cheaper nutrients as a source of energy. Protein intake was significantly lower in larger families, and interestingly there was a trend towards lower fat intake. Whether these findings apply to today's children is unclear. Increased childhood BMI was also associated with maternal smoking during pregnancy, as seen elsewhere (41) , although encouragingly this factor had become less common. Even so, we cannot discount the possibility that maternal smoking may have an increasing impact on obesity, because previous studies have demonstrated a strengthening association between maternal smoking and risk of obesity with increasing age (9) . In both generations, the BMI of girls increased incrementally with increasing birth weight, but for boys the association appeared to be stronger at heavier birth weights, as previously reported for this cohort (8) . The nonlinear relation was also seen in their male offspring.
In conclusion, parental obesity and maternal employment may have contributed to increased childhood BMI over time because these factors had become more prevalent and more strongly associated with BMI in the recent generation. Socioeconomic conditions had improved for the recent generation, but associations with childhood BMI had switched direction, towards higher risk for less advantaged children. This suggests that the direction of social inequalities in childhood obesity may have changed between 1965 and 1991, with less advantaged children now having an increased risk of obesity. Although maternal smoking during pregnancy and smaller family size were associated with increased childhood BMI in both generations, their prevalences had decreased and increased, respectively, leading to possible changes in their relative importance. Our findings suggest that the current trend of increasing obesity may accelerate over time. Public policies aimed at supporting working mothers and less advantaged families may help to reverse these trends. 
